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Cubesats were ‘toys’ 18 years ago…



Small is Beautiful

Science Instrument Examples (1U = 1 liter)

VSWIR-Dyson  (2U)
spectrometer

JPL (TBD)

RainCube radar (6U)

JPL (2017)

HARP Imaging Polarimeter(3U)

UMBC/SDL (2017)

Lunar Flashlight (6U)
NIR laser

MSFC/JPL (2017)

GSFC (2018)

LunarIceCube (6U)
IR spectrometer

Mass Spectrometer (3U)

JPL (TBD)
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Telecom

• RF Reflectarrays can 
scale to larger antennas

• Active and passive 
Optical Comm

• Optically transparent/RF 
reflective coatings 
printed on large solar 
arrays on deep space 
missions

Aerospace (2016/7)

200 Mbps from LEO

ISARA 
Reflectarray/Solar Array

JPL (2017)

Cubesat Optical Comm Demo

Dual-use Solar arrays

(TBD)

Optically Transparent/
RF Reflective Coatings

Utah State (TBD)

RF Optical

Bridgesat (TBD)

Bridgesat Optical Comm Terminal
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Power Systems
• Solar Array Plateau ~ 45% efficiency?

• Batteries that work over wide temperature ranges?

• Electromagnetic tethers – great if there’s a magnetosphere

• Progress in nuclear dependent on NASA/DoE investment; Compact RTGs?

Electromagnetic Tethers

Tethers Unlimited (TBD)

Solar power distance limit?

Pre-Decisional Information — For Planning and Discussion Purposes Only



Moore’s Law – stopped for us in 1999

Spacecraft S/W Functions
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Advanced Manufacturing

• 3-D printed valves on Falcon-9

• 3-D printing of S/C components

• Multi-function Structures

• Robot-assisted Integration and Test

• S/C build cycles < 1 week

3D Printed Spacecraft

Planetary Resources (2014)

Space-X (2014)

3-D Printed Rocket Engine

Robot-assisted assembly
[15 Smallsat S/C per week]

OneWeb (2018)
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Additive Manufacturing

• 3-D printer as a flight payload

• Print Hardware Upgrades

• Use In situ resources

• Large-scale Structures in Space

First 3-D Printer in Space

Made In Space on ISS (2014)
Making a Spacecraft out of an Asteroid 

Made In Space (TBD) Planetary Resources (2016)

Object printed from asteroid metals



Busek (2019)

MicroSpray
Electric propulsion
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Propulsion
Solar Sail (first design in 1976)

Planetary Society (2015)

eSail demo

Aaalto U. Finland (2017)

NASA EM Drive

NASA JSC (???)

Deployable Aeroshell

NASA Ames (2017)
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Attitude Determination and Control

• Fraction of an arcsec pointing

• Navigation using Pulsars

• Precision Formation Flying

CanX-4 and -5 
Precision Formation Flying

UTIAS SFL (2014)

Asteria
Exoplanet Hunter

JPL/MIT (2018)

XPNav-1
Deep Space navigation using X-ray Pulsars

China (2016)

position accuracy ±5 kmStation-keeping to < 1 m

0.1 arcsec
precision pointing 





EM-1 (2018): 
THE FIRST SCIENCE 
SWARM OF CUBESATS
[Ride-alongs]
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Concepts for Surface Mobility Systems

• Subsurface probes

• Drones on Titan or 
Mars

Under the Ice

Through the Ice Exploring Mars

Pre-Decisional Information — For Planning and Discussion Purposes Only
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Humanoid Robots

Kirobo on ISS “That’s one small step for me”
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Humanoid Robots
Artificial Intelligence? Tool  use - DARPA

Motion CaptureAugmented Reality
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Going Interstellar
Breakthrough Starshot

picosat (1-2 g)

Kicksat Sprite breakthroughinitiatives.org/Initiative/3
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Summary

• The building blocks are lining up for some really exciting 
“Discovery-class” Smallsat missions in the very near future 

• Smallsats allow fast-track infusion of technology for all future 
deep space missions

– Don’t have to wait 40 years like we did for solar sails

• On Earth, some technologies – smaller instruments, AI, 
robotics, adv. manufacturing – are taking off exponentially

• When these exponential technologies converge and are 
space-adapted they will open up mind-blowing possibilities!

• Invite the NewSpace innovators in – give them challenges to 
solve

© 2017 California Institute of Technology. Government sponsorship acknowledged. 
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